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Phase  and  Amplitude  Scintillation  Statistics 
at  244  MHz  From  Goose  Bay  Using 
a  Geostationary  Satellite 


1.  INTRODUCTION 

A  recent  report,  1  hereafter  referred  to  as  Report  1,  has  documented  the 
scintillation  statistics  observed  from  two  longitude  sectors  of  the  auroral  oval.  The 
primary  focus  of  the  report  was  the  study  of  phase  scintillations  at  138  MHz  using 
the  coherent  transmissions  emitted  by  the  orbiting  Wideband  satellite.  The  satellite 
orbit,  however,  was  sun-sychronous  and  thus  observations  were  only  available 
near  local  midnight  and  during  pre-noon  hours.  To  extend  the  coverage  over  a 
24-hour  period,  a  novel  system  of  measuring  phase  scintillations  using  trans¬ 
missions  from  a  geostationary  satellite  was  put  into  operation  at  Goose  Bay.  To 
our  knowledge,  this  is  the  first  time  that  an  extended  set  of  ground  observations 
has  been  made  to  measure  phase  scintillations  on  a  continuous  basis  using  this  tech¬ 
nique.  A  limited  number  of  airborne  observations  have  been  made  by  the  Air  Force 

2 

Wright  Aeronautical  Laboratories  using  a  similar  technique. 


(Received  for  publication  6  August  1982) 

1.  Basu,  Sunanda,  Basu,  S. ,  Livingston,  R.  C. ,  Whitney,  H.  E. ,  and  MacKenzie,  E. 

(1981)  Comparison  of  Ionospheric  Scintillation  Statistics  From  the  North 
Atlantic  ana  Alaskan  Sectors  of  the  Auroral  cival  tJsing  the  Wideband 
Satellite,  AFGL-TR-81-0266,  ADA111871. 

2.  Prettie,  C.W.  (1981)  Phase  Effects  of  Ionospheric  Irregularities,  AFWAL-TR- 

81-1183.  - 


This  report  presents  the  phase  and  amplitude  scintillation  statistics  observed 
from  Goose  Bay,  Labrador  using  the  observation  system  mentioned  above  which 
utilized  the  244-MHz  transmissions  from  the  geostationary  satellite  Fleetsat 
located  near  the  equator  at  100°W  longitude.  The  period  of  observations  was  from 
January  to  November,  1979  and  thus  overlapped  the  period  of  Wideband  observa¬ 
tions  discussed  in  Report  1.  The  350-km  ionospheric  intersection  point  for  the 
Fleetsat  measurements  is  47.  9°N,  67.  9°W  as  shown  in  Figure  la.  The  sub- 
ionospheric  track  of  a  typical  overhead  Wideband  satellite  pass  observed  on 
31  March  1979,  which  passed  very  close  to  the  Fleetsat  observation  point  is  shown 
for  comparison.  In  Section  5  of  the  report  we  shall  compare  the  phase  scintillation 
spectra  obtained  utilizing  transmissions  of  the  orbiting  and  the  geostationary 
satellites  when  the  two  observation  volumes  were  co-located. 


WEST  GEOGRAPHIC  LONGITUDE 


Figure  la.  Comparison  of  Subionospheric  Track  of  Typical 
Overhead  Wideband  Satellite  Pass  (observed  on  31  March  1979) 
and  350-km  Ionospheric  Intersection  Point  of  the  Fleetsat 
Measurements 
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The  invariant  latitude  of  the  Fleetsat  intersection  is  60°  so  that  in  general, 

under  magnetically  quiet  conditions,  the  auroral  oval  is  poleward  of  this  point.  A 

3 

detailed  discussion  of  such  considerations  has  been  provided  by  Basu  and  Aarons 
in  their  auroral  amplitude  scintillation  morphology  paper.  Figure  lb  shows  the 
position  of  the  Fleetsat  intersection  point  from  Goose  Bay  with  respect  to  the 

4  5 

Q  =  7  auroral  oval.  The  auroral  oval  representation  is  reproduced  from  Whalen. 
The  observation  point  will  thus  be  able  to  monitor  auroral  irregularities  only  during 
large  magnetic  storms.  The  scintillation  and  particle  precipitation  characteristics 
observed  for  one  such  large  storm  will  be  presented  in  Section  6.  In  general,  how¬ 
ever,  the  scintillation  characteristics  at  the  observation  point  are  expected  to  be 

those  that  pertain  to  the  ionospheric  trough  region  which  are  rather  quiet  (McClure 

6  T  3 

and  Hanson,  Basu,  Basu  and  Aarons'3). 


AURORAL  OVAL 
(Feldstein  1967  ) 


MAGNETIC  LOCAL  TIME 


IME^. 


Figure  lb.  Position  of 
the  Goose  Bay  Fleetsat 
Intersection  at  Magnetic 
Midnight  With  Respect  to 
the  Q  =  7  Auroral  Oval 


(Due  to  the  large  number  of  references  cited  above,  they  will  not  be  listed  here. 
See  References,  page  57.) 


2.  RECEIVING  SYSTEM  AND  DATA  PROCESSING 


The  measurements  described  in  the  following  sections  were  made  using  an 
extended  dynamic  range  receiver  with  an  extremely  stable  local  oscillator.  The 
receiver  operates  under  computer  control  and  once  tuned  to  within  a  few  hertz  of 
a  signal  detected  in  a  10-Hz  bandwidth,  self-tunes  to  within  ±  1  millihertz  of  the 
mean  frequency  as  determined  by  the  zero  crossings  averaged  over  a  20-sec  period. 
Subsequent  changes  in  frequency,  either  due  to  changes  in  ionospheric  or  geo¬ 
metrical  doppler,  are  sensed  by  the  system,  which  then  retunes.  At  each  retune, 
the  local  oscillator  frequency  information  is  recorded  to  allow  reconstruction  of  the 
long-term  phase  in  subsequent  processing.  In  this  way  the  system  can  measure 
signal  phase  variations  with  precision  as  would  a  coherent  system  except  for  any 
long-term  relative  frequency  drifts  between  the  satellite  and  receiver  references. 

Once  a  signal  is  properly  acquired  by  the  receiver,  its  quadrature  components 
are  sampled  at  10  Hz  and  are  digitally  recorded  along  with  time  and  pertinent 
system  information.  During  initial  off-line  processing,  these  data  are  converted 
to  signal  intensity  and  continuous  phase.  While  simple  in  concept,  the  generation 
of  continuous  phase  over  long  observation  periods  is  prone  to  numerical  difficulties. 
Since  this  is  a  single  frequency  measurement,  the  accumulation  of  phase  over  a 
period  of  several  hours  can  result  in  extremely  large  values.  These  problems  have 
been  avoided  by  calculation  and  removal  of  the  largest  scale  (for  example,  few  hours) 
dispersive  doppler  changes  during  pre-processing. 

Following  initial  processing,  only  phase  variations  with  periods  shorter  than 
some  tens  of  minutes  remain.  The  data  can  then  be  treated  using  methods  similar 
to  those  designed  for,  and  proven,  during  the  Wideband  and  Microwideband  experi- 
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ments  (Fremouw  et  al  ;  Basu  et  al  ).  Basically,  this  consists  of  separation  of 
rapidly  varying  scintillation  components  of  the  signal  from  the  longer  term  trends. 
The  spectral  components  are  separated  by  passing  the  phase  data  through  a  sharp 
cutoff  high  pass  digital  filter  (fc  =  0.  0067  Hz);  there  is  generally  no  need  to  filter 
signal  intensity,  which  has  no  low  frequency  component  in  the  constant  signal  level, 
geostationary  case.  The  most  significant  difference  between  the  geostationary  satel¬ 
lite  and  the  orbiting  Wideband  satellite  is  that  the  space-to-time  conversion  which 
dictates  the  distribution  of  energy  in  the  phase  spectrum  is  now  dictated  by  irregu¬ 
larity  drift,  and  not  satellite  motion.  The  detrend  cutoff  frequency  is,  accordingly, 
much  lower.  A  further  discussion  of  this  point  is  prejented  in  Section  4. 


8.  Fremouw,  E.  J.  ,  Leadabrand,  R.  L. ,  Livingston,  R.C.,  Cousins,  M.  D. , 

Rino,  C.  L. ,  Fair,  B.  C. ,  and  Long,  R.  A.  (1978)  Early  results  from  the  DNA 
Wideband  satellite  experiment  —  complex-signal  scintillation,  Radio  Sci. 


3.  DEFINITION  OF  STATISTICAL  PARAMETERS 


Following  phase  detrending,  the  signal  variations  are  statistically  characterized 
by  calculation  of  the  parameters  listed  below.  These  are  analogous  to  those  defined 
in  Report  1  but  obviously  the  detrending  periods  and  sample  sizes  are  different  to 
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reflect  the  very  different  orbital  characteristics  of  Lhe  satellites  in  the  two  cases. 

3.1  RMS  Phase  Deviation 

The  standard  deviation  of  the  detrended  phase  component  is  calculated  as 

=  (<<t»2>  -  <0>2)1/2  (1) 

in  radians  as  measured  at  the  receiver  output.  Note  that  this  parameter  is  de¬ 
pendent  upon  the  detrend  cutoff  frequency.  For  the  routine  analysis  a  detrending 
frequency  of  0.  0067  Hz  was  used  as  mentioned  in  Section  2. 

3.2  Phase  Spectral  Slope  and  Strength 

We  assume  a  power-law  form  of  the  phase  power  spectral  density,  <J>^(f),  as 
has  been  displayed  by  Wideband  and  ATS -6  data,  in  the  form 

=  vP*  (2) 

O 

where  p^  is  the  slope,  and  T^  is  the  strength  in  mks  units.  These  parameters  are 
extracted  from  a  linear  least-squares  fit  to  the  log-log  phase  spectrum  over  the 
range  of  0.  025  to  0.  5  Hz.  The  T^  values  to  be  presented  in  the  next  section  are  the 
extrapolated  spectral  strengths  obtained  at  1  Hz. 

The  advantage  of  using  T^  and  p^  is  that  unlike  o^,  they  characterize  the  phase 
disturbance  independent  of  the  detrend  cutoff.  Generally  the  T^  and  p^  are  con¬ 
sistent  with  although  can  include  energy  outside  of  the  slope -fit  range.  It  is 
recommended,  therefore,  that  o^,  T^,  and  p^  all  be  considered  together.  Some 
examples  of  phase  spectra  will  be  shown  in  conjunction  with  special  event  studies 
in  Sections  5  and  6. 


9.  Livingston,  R.C.  (1980)  Micro -Wideband  Analysis  Summary  Output— Geosyn- 
chronous  and  Near-Synchronous  Beacons,  Technica 


3.3  Scintillation  fades 

Normalized  standard  deviation  of  intensity 

S4  »  [{<I2>  -  <1  >2)/ <1  >2] 1/2  (3) 

ranges  from  0  to  about  1.  2  from  quiet  to  strong  scatter  conditions.  The  S.  index 
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was  first  introduced  by  Briggs  and  Parkin. 

The  intensity  spectral  strength  Tj  and  slope  Pj  that  were  discussed  in  Report  1 
are  not  presented  for  this  data  set.  This  is  because  the  median  level  is  in 
general  so  low  that  the  spectral  intensity  at  1  Hz  merely  samples  the  noise  level 
and  Pj  pertains  to  such  noise -like  spectra.  However,  some  examples  of  intensity 
spectra  will  be  shown  in  conjunction  with  special  event  studies  in  Section  6. 

4.  RESULTS 

As  a  supplement  to  the  previously  mentioned  Wideband  study  presented  in 
Report  1,  phase  and  amplitude  scintillation  observations  of  the  geostationary  satel¬ 
lite  Fleetsat  have  been  conducted  at  Goose  Bay,  Labrador  for  a  10-month  period 
in  1979.  The  elevation  angle  of  the  observations  is  20®  and  the  azimuth  is  -135®. 
Thus,  observations  are  made  at  a  relatively  low  angle  and  irregularity  anisotropy 
effects,  such  as  the  geometrical  enhancement  for  both  rod -like  and  sheet -like 
irregularities  so  prominent  in  the  Wideband  data,  cannot  be  observed.  Although 
the  observations  pertain  to  a  single  intersection  point,  and  this  point  is  such  that 
it  is  expected  to  show  considerable  activity  only  during  large  magnetic  disturbances, 
the  continuous  measurements  with  geostationary  satellites  over  a  10-mcnth  data 
collection  period  does  allow  a  full  diurnal  coverage  and  a  3 -season  comparison  to 
supplement  the  Goose  Bay  Wideband  seasonal  plots.  To  conform  with  Report  1,  the 
data  have  been  separated  into  three  periods  to  study  the  seasonal  behavior:  (1)  Feb 
through  Apr  data  that  are  approximately  centered  on  the  vernal  equinox  and  labeled 
Spring:  (2)  May  through  July  data  that  are  approximately  centered  on  the  June 
solstice  and  labeled  Summer;  and  (3)  Aug  through  Oct  data  that  are  approximately 
centered  on  the  autumnal  equinox  and  labeled  Autumn. 

The  phase  and  amplitude  scintillation  statistics  were  computed  over  consecutive 
400 -sec  intervals  in  the  course  of  the  24 -hour  period  of  operation.  While  in  prin¬ 
ciple  continuous  operation  was  possible,  the  transmission  schedule  was  such  that 
only  2  to  3  days  per  week  were  recorded  and  there  were  quite  a  few  data  gaps 
caused  by  receiver  and  transmission  problems.  In  particular,  during  the  January- 

10.  Briggs,  B.  H. ,  and  Parkin,  I.  A.  (1963)  On  the  variation  of  radio  star  and 
satellite  scintillations  with  zenith  angle,  J.  Atmos.  Terr.  Phys.  £5:339. 
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April,  1979  period  the  data  were  vitiated  by  momentary  breaks  from  the  CW  to  an 
FSK  mode  of  transmission.  The  time  record  for  a  span  of  detrended  data  with  this 
problem  is  shown  in  Figure  2.  Obviously  both  the  phase  and  amplitude  scintillation 
indices  are  elevated  by  the  bursts  of  modulation,  despite  the  lack  of  significant 
ionospheric  structure.  For  instance,  between  06  and  10  UT  when  there  is  no  sig¬ 
nificant  ionospheric  structure,  a  is  ~0.  1  rad  and  S4  is  ~0.  07  which  is  close  to  the 
noise  threshold  of  the  system.  However,  during  the  worst  phase  of  FSK  contamina¬ 
tion  between  1200  and  1300  UT,  a ^  varies  between  1.  0  and  5.  0  rad  and  S4  varies 
between  0.  1  and  0.  2.  Thus  the  values  are  seriously  affected  by  this  problem. 
Various  tests  were  devised  for  computer  recognition  of  such  problems  in  routine 
data  analysis  but  it  was  not  found  possible  to  identify  all  of  such  FSK  contaminated 
data.  Beginning  in  May,  197  9,  however,  CW  transmissions  were  requested  for 
specific  dates  and  during  such  times  the  FSK  problem  was  minimized. 
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FEB.  3,  1979 
GOOSE  BAY  FITS  AT 

Figure  2.  Sample  Time  Record  for  3  Feb  1979  Showing  Interruptions  of  the 
CW  Mode  by  FSK  Transmissions,  In  a  time  period  with  no  significant 
ionospheric  structure  (1200-1300  UT)  the  FSK  contamination  results  in 
0^  varying  between  1  and  5  rad 


The  temporal  variation  of  the  scintillation  parameters  is  presented  in  a  large 
number  of  graphs  as  in  Report  1  for  the  benefit  of  the  user.  The  400 -sec  values  of 
T0*  P0’  an<*  are  sorted  into  2 -hr  UT  bins  for  Kp  <  3.  5  (quiet  magnetic  condi¬ 
tions)  and  Kp  >3.5  (magnetically  disturbed  conditions)  to  maintain  parity  with 
Report  1  even  though  it  is  realized  that  larger  magnetic  disturbances  may  be  necessary 
to  produce  substantial  scintillation  effects  at  the  Fleetsat  intersection  point.  The 
50th  and  90th  percentile  occurrence  statistics  are  computed  and  plotted  for  these 
2-hr  UT  blocks.  The  lowest  and  highest  number  of  400-sec  data  samples  per  2-hr 
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UT  block  are  specified  on  the  graphs  to  give  an  idea  of  the  size  of  the  data  base. 

At  some  time  intervals,  there  may  be  no  data  or  insufficient  data  to  establish  the 
90th  percentile  level.  At  these  times,  the  lines  are  shown  as  dashed.  We  propose 
to  present  the  phase  scintillation  statistics  observed  during  the  three  seasons  first. 
These  are  followed  by  the  intensity  statistics  observed  during  the  same  seasons. 
Since  only  a  small  amount  of  data  are  available  for  the  months  of  January  and 
November,  in  the  statistics  the  few  days  in  January  are  included  with  the  spring 
(Feb-Apr)  data  while  the  few  November  days  are  included  with  the  autumn  (Aug-Oct) 
data. 

To  compare  the  following  results  with  those  given  in  Report  1,  the  user  should 
be  aware  of  several  factors.  The  most  obvious  factor  is  the  difference  in  the  fre¬ 
quency  between  the  two  data  sets:  Wideband  statistics  were  computed  at  138  MHz(fj) 
while  Fleetsat  statistics  were  computed  using  transmissions  obtained  at  244  MHzlfg). 
Based  on  the  weak  scatter  theory  and  on  the  assumption  of  a  value  of  4  for  the 
3 -dimensional  spectral  index  of  the  irregularities,  the  Wideband  amplitude  scintilla¬ 
tion  results  have  to  be  reduced  by  the  factor  (fg/ f i ) ^*  ^  (Rufenach,  **  Rino^)  that  is, 
a  factor  of  2.  4  for  Wideband  amplitude  statistics  observed  in  the  Goose  Bay  sector 
at  ~60®A.  For  phase  statistics  the  scattering  regime  does  not  necessarily  have  to 
be  weak;  the  scaling  law  will  require  the  Wideband  phase  scintillation  index  to  be 
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reduced  by  f 2  / T j »  that  is,  a  factor  of  1.8  (Fremouw  et  al).  However,  one  must 
also  consider  the  fact  that  a  detrending  interval  of  10  sec  (fc  =  0.  1  Hz)  for  Wideband 
phase  is  equivalent  to  a  detrending  interval  of  150  sec  (fc  =  0.  0067  Hz)  for  Fleetsat 
if  the  effective  ionospheric  E-W  drift,  that  is,  the  component  of  drift  perpendicular 
to  the  Fleetsat  propagation  path,  is  200  m/sec.  This  is  because  the  ray  path  of 
the  Wideband  satellite  travels  through  the  high  latitude  F-region  acr  •  magnetic 
field  lines  at  a  velocity  of  approximately  3  km /sec,  which  is  a  factor  of  15  greater 
than  the  assumed  effective  ionospheric  drift.  It  should  be  noted  that  because  the 
azimuth  of  the  Fleetsat  measurements  is  -135°,  the  effective  E-W  drift  will  be  a 
factor  of  1.  4  smaller  than  the  actual  drifts.  Obviously  in  the  Fleetsat  case,  the 
geometry  is  unique  and  because  of  the  low  elevation  measurements,  it  is  not  so 
much  the  effect  of  the  anisotropy  as  the  increased  path  length  that  controls  the 
scintillation  magnitude.  Moreover,  since  Goose  Bay  was  the  observing  station  for 
both  the  Wideband  and  Fleetsat  data  sets,  these  factors  affect  both  data  sets  in  a 
similar  fashion  if  only  the  60*  A  Wideband  data  is  used  for  comparison. 

11.  Rufenach,  C.  L.  (1975)  Ionospheric  scintillation  by  a  random  phase  screen: 

spectral  approach.  Radio  Sci.  JO:  155. 

12.  Rino,  C.  L.  (1979)  A  power  law  phase  screen  model  for  ionospheric 

scintillation.  1.  Weak  scatter.  Radio  Sci.  14:1135. 
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4.1  Hum  Scintillation  Statistic* 


4.  1. 1  RMS  PHASE  DEVIATION  DURING  THE  SPRING 

The  phase  scintillation  0^  in  radians  as  a  function  of  UT  for  magnetically  quiet 
(Kp  <  3.5)  Fleetsat  data  for  Jan-Apr  1979  is  shown  in  Figure  3a,  with  the  corres¬ 
ponding  magnetically  disturbed  (Kp  >3.5)  data  shown  in  Figure  3b.  The  corrected 
geomagnetic  midnight  (CM)  and  noon  (CN)  are  indicated.  Figure  3a  shows  a  median 
level  of CT^  less  than  1  rad  for  the  nighttime  hours.  The  second  pre-noon  peak  of 
which  does  not  have  a  counterpart  in  S^  (as  shown  later  in  Figure  12a)  is,  un¬ 
fortunately,  due  to  FSK  contamination  referred  to  earlier.  In  Figure  2  we  have 
shown  an  example  of  the  time  record  on  3  Feb  1979  when  FSK  was  particularly 
severe  from  1000  to  1400  UT.  The  two  other  seasons  for  which  CW  transmissions 
were  requested  do  not  show  this  peak.  The  90th  percentile  shows  a  strong  night¬ 
time  peak  of  3-4  rad  during  nighttime  hours  and  a  second  daytime  peak  obviously 
caused  by  FSK.  It  should  be  noted  that  the  spring  nighttime  phase  scintillations  are 
larger  than  those  observed  in  the  other  seasons  (see  Figures  4a  and  5a).  Since  the 
corresponding  behavior  is  consistent  with  the  above  statement,  it  is  hoped  that 

FSK  contamination  is  not  appreciable  for  the  nighttime  data.  Further,  this  follows 
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the  pattern  found  earlier  by  Basu  and  Aarons. 
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Figure  3a.  Phase  Scintillation  Index  00  vs  UT  During  the  Spring 
Under  Quiet  Magnetic  Conditions.  Corrected  geomagnetic  mid¬ 
night  (CM)  and  noon  (CN)  are  marked 
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Figure  3b.  Phase  Scintillation  Index  Oa,  vs  UT  During  the  Spring 
Under  Disturbed  Magnetic  Conditions 

The  magnetically  disturbed  data  for  Jan-Apr  (Figure  3b)  shows  a  strong  night¬ 
time  peak  in  the  median  of  6  rad  in  the  time  interval  02-04  UT,  with  post-local- 
midnight  values  of  2-3  rad.  The  90th  percentile  curve  shows  a  13  rad  peak,  also  in 
the  time  period  02-04  UT.  This  large  increase  in  cr^  from  quiet  to  disturbed  mag¬ 
netic  conditions  (6 -fold  in  the  50th  percentile,  3-fold  in  the  90th  percentile)  is  not  seen 
nearly  as  dramatically  in  the  other  seasons.  The  double  hump  seen  in  the  night¬ 
time  magnetically  disturbed  phase  data  in  all  seasons  seems  to  be  caused  by  the 

equatorward  expansion  and  poleward  retraction  of  the  auroral  oval  past  the  Fleetsat 

1 3 

observation  no  Lb*  as  was  also  discussed  by  Houminer  et  al. 

13.  Houminer,  Z. ,  Aarons,  J. ,  and  Rich,  F.  (1981)  Production  and  dynamics  of 
high-latitude  irregularities  during  magnetic  storms,  J.  Geophys.  Res. 
86:9939. 
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In  comparison  with  the  Wideband  statistics  for  Jan- Apr,  1979,  taking  the  night¬ 
time  median  obtained  at  60°A  for  the  two  magnetic  cases,  we  find  the  magnetic¬ 
ally  disturbed  (~2  rad,  see  Figure  80,  Report  1)  about  twice  the  magnetically 
quiet  o ^  (~  1  rad,  see  Figure  7  8,  Report  1).  The  daytime  Fleetsat  values  are 
about  3  times  the  expected  scaled  values  from  Wideband.  However,  since  we  are 
dealing  with  numbers  close  to  the  noise  threshold  of  the  systems,  it  is  difficult 
to  come  to  definite  conclusions.  While  scaling  by  a  factor  of  1.  7  provides  a  reason¬ 
able  agreement  with  the  quiet  Fleetsat  shown  in  Figure  3a,  the  value  shown  in 
Figure  3b  is  5  times  the  scaled  value  expected  from  Wideband  measurements.  This 

is  a  very  interesting  result  and  is  in  all  probability  due  to  the  much  larger  drift 

14 

velocities  that  are  generally  observed  in  the  trough  (Smiddy  et  al  )  and  in  the 
auroral  region  (Wand  and  Evans  )  during  large  magnetic  storms.  It  was  pointed 
out  earlier  that  a  detrend  interval  of  10  sec  used  for  Wideband  is  equivalent  to  a 
150  sec  detrend  interval  on  Fleetsat  only  on  the  basis  of  approximately  200  m/sec 
effective  E-W  drifts.  It  is  not  uncommon  according  to  the  references  cited  above 
to  measure  drifts  of  500  m/sec  to  1  km/sec  during  large  magnetic  storms. 

The  fact  that  values  scale  according  to  expectations  (to  be  discussed  in  Section  4.  2) 
gives  us  greater  confidence  in  our  hypothesis  that  the  enhancement  of  drift  speeds 
also  contributes  to  the  a  .  increase  in  addition  to  an  increase  in  the  strength  of 
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turbulence  Cg  (Rino  )  as  a  result  of  magnetic  activity. 

4.  1.  2  RMS  PHASE  DEVIATION  a ^  DURING  THE  SUMMER 

Figures  4a  and  4b  illustrate  the  Fleetsat  phase  scintillation  data  (radians) 
observed  in  May-July  1979  for  the  magnetically  quiet  (Kp  <  3.5)  and  disturbed 
(Kp  >  3.5)  cases  respectively.  Under  quiet  magnetic  conditions  (Figure  4a),  both 
the  median  and  the  90th  percentile  curves  are  very  low,  being  less  than  1  rad. 

Under  disturbed  magnetic  conditions,  the  median  exhibits  a  peak  of  3  rad  in  the  time 
interval  02-04  UT.  There  is  usually  insufficient  data  to  construct  a  90th  percentile 
curve.  Compared  to  the  very  low  median  level  of  c during  Kp  <  3.  5,  the  value  of 
3  rad  during  disturbed  magnetic  conditions  appears  to  be  a  very  significant  increase 
and  again  is  probably  related  to  enhanced  drift  speeds  during  magnetic  storm  con¬ 
ditions.  The  size  of  the  data  base  is  unfortunately  rather  small. 

14.  Smiddy,  M. ,  Kelley,  M.  C. ,  Burke,  W. ,  Rich,  F,  Sagalyn,  R. ,  Shuman,  B. , 

Hays,  R. ,  and  Lai,  S.  (1977)  Intense  poleward-directed  electric  fields 
near  the  ionospheric  projection  of  the  plasmapause,  Geophys.  Res.  Lett. 

4:543. 

15.  Wand,  R.  H. ,  and  Evans,  J.  V.  (1981)  The  penetration  of  convection  electric 

fields  to  the  latitudes  of  Millstone  Hill  (A  =  56°),  J.  Geophys.  Res.  86:5809. 


A  comparison  of  the  Summer  Fleetsat  phase  statistics  with  the  spring  phase 
statistics  shows  an  overall  reduction  in  the  summer.  The  absence  of  the  second 
peak  in  the  daytime  and  the  very  low  value  of  the  residuals  are  obviously  made 
possible  by  the  much  lower  occurrence  of  FSK  in  this  season.  The  reduction  of 
the  summer  phase  values  are  consistent  with  Wideband  findings  presented  in 

Report  1  as  well  as  the  earlier  amplitude  scintillation  behavior  studied  by  Basu  and 
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Aarons. 

4.  1.  3  RMS  PHASE  DEVIATION  ff.  DURING  THE  AUTUMN 
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Figures  5a  and  5b  show  the  magnetically  quiet  and  disturbed  cases  respectively 
for  the  Fleetsat  phase  data  (radians)  taken  during  Aug-Nov  1979.  For  Kp  <3.5 
(Figure  5a)  the  median  curve  is  very  low  while  the  90th  percentile  curve  is  just 
slightly  higher,  peaking  at  about  1.  3  rad  between  06  and  08  UT.  For  Kp  >  3.  5  (Fig¬ 
ure  5b)  the  median  shows  a  peak  of  ~2.  5  rad  at  02-06  UT  while  the  90th  percentile 
value  jumps  to  ~  8  rad  between  04  and  06  UT.  The  behavior  in  the  autumn  is  similar 
to  that  in  the  summer  under  both  quiet  and  disturbed  conditions  (note  the  different 
0^  scales  in  Figures  4b  and  5b). 

4.  1.4  PHASE  SPECTRAL  INTENSITY  T. 
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It  was  noted  in  Report  1  and  in  Section  3  of  this  report  that  depends  on  the 
detrend  interval  used  for  filtering  the  raw  data  while  T^,  the  phase  spectral  inten¬ 
sity  at  1  Hz,  is  independent  of  it.  Figures  6-8  give  the  T^  values  derived  from 
Fleetsat  observations  during  magnetically  quiet  and  disturbed  conditions  in  each 
seasonal  group  namely,  Jan-Apr  1979  (Figures  6a  and  6b),  May-July  1979  (Fig¬ 
ures  7a  and  7b).  and  Aug-Nov  1979  (Figures  8a  and  8b).  These  T^  values  at  1  Hz 
are  free  of  filtering  effects  and  can  be  used  in  conjunction  with  spectral  slope  (p^) 
values  to  estimate  c according  to  the  specific  system  integration  requirements. 

It  is  unfortunate,  however,  that  the  T^  values  seem  more  susceptible  than  to 
contamination  by  FSK  bursts.  Such  effects  are  very  evident  in  both  the  median  and 
90th  percentile  curves  in  the  vernal  equinox  period  (Figure  6a)  and  the  90th  per¬ 
centile  curve  during  the  summer  (Figure  7a). 

4.  1.  5  PHASE  SPECTRAL  SLOPE  p^ 

The  median  p^  curves  (Figures  9-11)  uniformly  show  a  value  greater  than  2  with 
the  most  likely  value  ranging  between  2.  2  and  2.  5  with  p^  closer  to  2.  7  under  dis¬ 
turbed  magnetic  conditions  when  values  are  higher.  A  value  of  3  would  be  ex¬ 
pected  from  a  one -dimensional  in-situ  spectral  index  of  2.  It  is  important  to  note 
that  these  p^  values  are  consistently  higher  than  those  shown  in  the  Wideband  statis¬ 
tics  presented  in  Report  1.  This  statement  also  holds  for  the  coordinated  volume 
study  of  phase  spectra  obtained  from  Wideband  and  Fleetsat  for  31  March  1979  that 
will  be  presented  in  Section  5. 


PHASE  SPECTRAL  STRENGTH  T^  VS.  UT 

Figure  6a.  Spectral  Strength  of  Phase  at  1  Hz  vs  UT  During  the 
Spring  Under  Quiet  Magnetic  Conditions 


Figure  6b.  Spectral  Strength  of  Phase  at  1  Hz  vs  UT  During  the 
Spring  Under  Disturbed  Magnetu:  Conditions 


Figure  7b.  Spectral  Strength  T*  of  Phase  at  1  Hz  vs  UT  During  the 
Summer  Under  Disturbed  Magnetic  Conditions 


PHASE  SPECTRAL  STRENGTH  T^  VS.  UT 

Figure  8a.  Spectral  Strength  T«  of  Phase  at  1  Hz  vs  UT  During  the 
Autumn  Under  Quiet  Magnetic  Conditions 


Figure  8b.  Spectral  Strength  T*  of  Phase  at  1  Hz  vs  UT  During  the 
Autumn  Under  Disturbed  Magnetic  Conditions 
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Figure  9a.  Phase  Spectral  Index  p^>  vs  UT  During  the  Spring 
Under  Quiet  Magnetic  Conditions 
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PHASE  SPECTRAL  INDEX  p A  VS  UT 


Figure  10a.  Phase  Spectral  Index  p^  vs  UT  During  the  Summer 
Under  Quiet  Magnetic  Conditions 
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4.2  bitenrity  Scintillation  Statistic* 

4.  2.  1  SCINTILLATION  INDEX  S.  DURING  THE  SPRING 

4 

The  amplitude  scintillation  index  S4  obtained  from  Fleetsat  data  during  Jan- 
Apr  1979,  for  magnetically  quiet  conditions  (Kp  <  3.5)  is  shown  in  Figure  12a 
with  the  corresponding  data  for  magnetically  disturbed  (Kp  >  3.  5)  conditions  in 
Figure  12b.  In  the  magnetically  quiet  case,  the  median  curve  peaks  at  S^  ~0.  3 
between  06  and  08  UT  while  the  90th  percentile  curve  shows  a  peak  of  S4  ~0.  5-0.  6 
also  between  06  and  08  UT.  The  magnetically  disturbed  data  for  Jan-Apr  (Fig¬ 
ure  12b)  shows  a  slight  increase  in  the  median  level  (peak  S4  ~0. 4)  between  02 
and  04  UT  with  a  second  peak  in  the  value  of  S4  of  about  0.4  between  08  and  10  UT. 
The  90th  percentile  curve  shows  a  broad  maximum  of  S4  of  about  0.  6  between 
02  and  08  UT. 

Several  differences  between  the  amplitude  and  phase  statistics  should  be  noted. 
First,  the  daytime  peak  in  caused  by  bursts  of  FSK  is  hardly  noticeable  in  S4> 
Second,  the  double  humped  nature  of  the  nighttime  behavior  is  well  duplicated  in 
S4  but  the  median  level  during  disturbed  times  increases  only  moderately  as  opposed 
to  the  large  increase  in  cr^,  caused  most  likely  by  increased  drifts  during  magnetic 
storms.  Unlike  the  phase  scintillation  values,  the  Fleetsat  S4  values  during  both 
quiet  and  disturbed  times  agree  better  with  the  scaled  Wideband  values  for  60°A 
(see  Figures  82  and  84  in  Report  1). 

4.  2.  2  SCINTILLATION  INDEX  S.  DURING  THE  SUMMER 

4 

Figures  13a  and  13b  illustrate  the  Fleetsat  amplitude  scintillation  index  S4 
observed  in  May-July  1979  for  the  magnetically  quiet  (Kp  <  3.  5)  and  disturbed 
(Kp  >  3.5)  cases  respectively.  Under  quiet  magnetic  conditions  (Figure  13a)  the 
median  level  curve  is  flat  at  an  S4  of  about  0.  1  while  the  90th  percentile  curve 
shows  a  nighttime  plateau  of  about  0.  25,  dropping  slightly  in  the  daytime.  Under 
disturbed  magnetic  conditions  (Figure  1 3b)  the  median  curve  increases  only  slightly 
(peak  S4  about  0.  25)  at  between  02  and  04  UT. 

In  this  season  also  the  scaled  nighttime  Wideband  median  data  at  60°A  during 
quiet  and  disturbed  times  agrees  well  with  the  observed  Fleetsat  statistics  (see 
Figures  89  and  90  in  Report  1). 
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Figure  12a.  Intensity  Scintillation  Index  vs  UT  During  the 
Spring  Under  Quiet  Magnetic  Conditions 


4.  2.  3  SCINTILLATION  INDEX  S.  DURING  THE  AUTUMN 

4 

Figures  14a  and  14b  illustrate  the  Fleetsat  amplitude  scintillation  index 
observed  in  Aug-Nov,  1979  for  the  magnetically  quiet  (Kp  <  3.  5)  and  disturbed 
(Kp  >  3.5)  cases  respectively.  Under  quiet  magnetic  conditions  (Figure  14a)  the 
median  level  curve  in  is  about  0.  1  while  the  90th  percentile  curve  shows  a  night¬ 
time  plateau  in  S4  of  about  0.  2  decreasing  in  daytime  to  a  value  for  of  about  0. 1. 
The  magnetically  disturbed  data  (Figure  14b)  show  a  median  peak  in  S4  of  about 
0.  3  between  02  and  04  UT  with  a  90th  percentile  peak  in  S4  of  about  0. 45  between 
04  and  06  UT. 

It  is  interesting  to  note  that  the  median  level  of  S4  is  higher  in  the  spring  than 

in  the  autumn  during  both  quiet  and  disturbed  times.  The  summer  S4  median  values 

fall  between  the  spring  and  fall  levels.  These  findings  are  consistent  with  the 

3 

findings  of  Basu  and  Aarons  (see  Figures  4  and  5). 

5.  COMPARATIVE  PHASE  SPECTRAL  STUDY  OF  CO-LOCATED  WIDEBAND  AND 
FLEETSAT  DATA 

It  was  pointed  out  in  Section  4.  1.5,  that  the  average  phase  spectral  slope  p^ 
obtained  with  Fleetsat  data  seemed  consistently  higher  than  the  average  obtained 
by  the  analysis  of  Wideband  data.  An  opportunity  to  compare  the  two  sets  of  p^ 
within  a  common  volume  was  obtained  on  31  Mar  1979  (Day  90).  The  Wideband  sub- 
ionospheric  track  in  relation  to  the  Fleetsat  sub-ionospheric  point  for  Goose  Bay 
observations  on  this  day  has  already  been  shown  in  Figure  la.  We  show  in  Figure  15 
the  latitude  variation  of  as  observed  by  Wideband  on  138  MHz.  The  point  of 
closest  approach  to  Fleetsat  is  identified.  A  f  '  scaling  of  values  appropriate  for 
244  MHz  is  also  shown  by  the  dashed  line.  The  large  phase  fluctuations  are  observed 
in  the  auroral  oval  between  63°  and  66  °A  latitude  with  the  geometrical  enhancement 
observed  at  the  minimum  Briggs-Parkin  angle  (BP  on  diagram)  as  discussed  in 
Report  1. 

The  lower  panel  of  Figure  15  shows  the  cr^  as  a  function  of  UT  as  observed  by 
Fleetsat.  The  highest  values  are  observed  between  04  and  05  UT.  It  should  be 
emphasized  once  more  that  Wideband  gives  a  spatial  snap  -shot  of  the  irregularity 
region  whereas  Fleetsat  provides  the  temporal  variation  of  both  irregularity 
parameters  and  effective  ionospheric  drift  at  one  fixed  location. 

This  particular  day  (90)  was  moderately  active  magnetically.  The  Kp  was  3+ 
for  03-06  UT.  These  data  were  obtained  during  the  quieting  phase  of  a  large  mag¬ 
netic  storm  that  began  with  a  Sudden  Storm  Commencement  on  28  March  and  reached 
peak  activity  on  29  March.  Fleetsat  data  and  correlated  particle  precipitation  using 
DMSP  for  29  March  will  be  discussed  in  Section  6.  Moderate  scintillation  activity 
is  noticed  at  the  Fleetsat  intersection  (~2  rad)  and  the  agreement  between  the  scaled 
Wideband  0^  and  the  244  MHz  data  is  quite  good. 
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Figure  14a.  Intensity  Scintillation  Index  S4  vs  UT  During  the 
Autumn  Under  Quiet  Magnetic  Conditions 


Figure  14b.  Intensity  Scintillation  Index  S4  vs  UT  During  the 
Autumn  Under  Disturbed  Magnetic  Conditions 
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GOOSE  BAY 

MARCH  31,  1979  PHASE  SCINTILLATIONS 


Figure  15.  Comparison  of  Phase  Scintillation  Index  a. 
of  Wideband  (138  MHz)  and  Fleetsat  (244  MHz)  as  Seefl 
From  Goose  Bay,  Labrador  on  31  March  1979.  Points 
of  closest  approach  are  marked 


We  also  studied  the  pnase  spectra  of  the  two  data  sets  at  the  time  when  the 
subionospheric  position  of  the  Wideband  satellite  was  closest  to  that  of  Fleetsat. 

These  are  shown  in  Figure  16  and  the  relevant  parameters  for  some  spectra  con¬ 
tiguous  to  the  time  of  closest  approach,  marked  with  asterisks,  are  shown  in  Table  1. 
A  20-sec  sample  with  a  10-sec  detrend  (fc  =  0.  1  Hz)  is  used  for  Wideband  phase 
spectral  analysis  and  the  linear  least  squares  fit  of  tne  slope  is  computed  over 
0.5  to  10  Hz.  For  Fleetsat  a  400-sec  sample  with  a  detrend  of  150  sec 
(fc  =  0.  0067  Hz)  is  used  and  the  slope  is  fitted  over  the  range  0.  025  -  0,  5  Hz.  The 
slope  of  -3.  2  observed  with  Fleetsat  is  one  unit  larger  than  the  -2.  1  slope  observed 
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for  Wideband.  We  have  already  seen  the  same  effect  being  observed  for  averages 
over  large  data  ensembles  as  well  as  in  Table  1.  We  shall  discuss  this  point 
further  in  Section  7. 


GOOSE  BAY  MARCH  31,  1979 


FREQUENCY- Hi 


Figure  16.  Comparison  of  Phase 
Spectral  Index  p*  of  Wideband 
(138  MHz)  and  Fleetsat  (244  MHz) 
at  the  Time  of  Closest  Approach  of 
Wideband  to  the  Fleetsat  Intersection 
as  Noted  in  Figure  15.  The  Wideband 
data  uses  a  20-sec  sample  with  a 
0.  1  Hz  detrend  while  the  Fleetsat 
data  uses  a  400-sec  sample  with  a 
0.  0067  Hz  detrend 
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Table  1.  Comparison  of  Phase  Spectral  Indices,  Goose  Bay, 
31  March  1979 


Fleetsat  244  MHz 

Wideband  137 

MHz 

UT 

°<P 

Radians 

P0 

UT 

Radians 

P* 

045059 

2.  20 

-2.  86 

050726 

2.  98 

-2.  08 

045739 

2.  39 

-2.  60 

050746 

2.  77 

-2.  02 

050419 

1.  30 

-2.  35 

'050806 

4.  95 

-2.  12 

* 05 105 9 

o 

CO 

iH 

-3.  22 

050826 

2.  86 

-2.  13 

051739 

1.55 

-2.  93 

050846 

2.  16 

-2.  20 

Average  =  2.  8 

Average  p^  = 

2.  1 

CORRELATED  MEASUREMENTS  OF  PARTICLE  PRECIPITATION 
FROM  DMSP  AND  PHASE  SCINTILLATIONS 


Although  relationships  between  charged  particle  precipitation  and  high  latitude 

16  17 

scintillations  have  been  invoked  for  almost  two  decades  (Herman,  Aarons  et  al, 

18 

and  Frihagen  ),  there  have  been  very  few  instances  of  simultaneous  measure- 

19  20 

ments  of  the  two  quantities  (Weber  and  Buchau  ).  Martin  and  Aarons  and 
21 

Aarons  provided  a  comparison  between  DMSP  (Defense  Meteoi-ological  Satellite 
Program)  photographs  of  auroral  luminosity  and  scintillations.  In  this  section  we 
provide  for  the  first  time  a  detailed  comparison  of  a  DMSP  energetic  particle  spec¬ 
trum  and  coordinated  phase  and  amplitude  scintillation  spectra. 

The  particle  data  used  are  those  obtained  from  the  DMSP /F 2  satellite  orbit 
9380  in  the  evening  MLT  sector  during  a  period  of  substorm  activity.  DMSP/F2  is 
a  three-axis  stabilized  satellite  in  a  nearly  sun  synchronous,  circular  orbit  at  an 
altitude  of  840  km.  The  orbital  period  is  101  min;  the  nominal  inclination  is  98.75°. 
At  launch  the  orbit  was  centered  near  the  0700-1900  meridian  but  it  is  subject  to  a 
very  slow  precessional  drift  toward  later  local  times.  The  specific  satellite  orbit 
under  study  when  mapped  to  110  km  altitude  along  magnetic  field  lines  passed  just 
3°  to  the  west  of  the  Fleetsat  intersection  point  as  shown  in  Figure  17.  The  point 
of  closest  approach  (CA)  of  DMSP  at  the  latitude  of  Fleetsat  intersection  is  indi¬ 
cated  in  the  diagram.  The  pass  occurred  during  a  period  of  southward  orientation 
of  the  interplanetary  magnetic  field  (Bz  negative)  as  shown  in  Figure  18a  that  caused 

a  series  of  substorms  as  observed  from  the  auroral  electrojet  index  (AE)  taken 
22 

from  Meng.  It  should  be  noted  that  this  preliminary  AE  index,  which  is  obtained 


(Due  to  the  large  number  of  references  cited  above,  they  will  not  be  listed  here. 
See  References,  page  57.  ) 


from  North  American  magnetometer  chains,  cannot  provide  good  coverage  to  moni¬ 
tor  substorms  between  18  and  04  UT  due  to  the  lack  of  observatories  in  the  European 
longitude  sectors.  The  middle  panel  of  Figure  18a  shows  that  the  planetary  index 
Kp  was  6  at  the  time  of  the  pass.  On  a  more  local  level  the  DMSP  pass  occurred 
during  the  onset  phase  of  a  400y  negative  bay  which  starts  at  0152  UT  on  the 
Goose  Bay  magnetogram  shown  in  Figure  18b.  Unfortunately,  the  auroral  photo¬ 
graphs  corresponding  to  this  orbit  are  not  available.  However,  we  know  from 
Figure  lb  that  at  such  disturbed  times  the  statistical  auroral  oval  should  be  in  the 
vicinity  of  the  Fleetsat  intersection  point. 


Figure  17.  The  DMSP/F2  Satellite  Track  Projected  Along  the  Magnetic 
Field  Line  to  110  km  for  Orbit  9380  From  Which  Particle  Data  Were 
Obtained  for  the  29  Mar  1979  Study.  This  track  is  just  3°  to  the 
west  of  the  Fleetsat  intersection 


GOOSE  BAY  MAGNETOGRAM 
MAR.  29, 1979 
HORIZONTAL  COMPONENT 


Figure  18b.  The  Horizontal  Component  of  the  Goose  Bay  Magneto- 
gram  on  29  Mar  197  9  Showing  a  400 y  Negative  Bay 
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The  DMSP  particle  detectors  have  been  described  in  detail  by  Hardy  et  al. 

The  particle  detector  on  DMSP/F2  consists  of  two  curved  plate  electrostatic 

analyzers  that  measure  the  fluxes  of  electrons  in  16  energy  channels  between  50  eV 

and  20  keV  once  per  second.  The  apertures  of  the  analyzers  always  face  toward 

local  vertical  so  that  at  auroral  and  polar  cap  latitudes  they  detect  precipitating 

rather  than  backscattered  and  trapped  electrons.  One  analyzer  covers  the  energy 

-4  2 

range  from  50  eV  to  1  keV  with  a  geometric  factor  of  4  X  10  cm  sr  and  a 

AE/E  of  10  percent.  The  other  analyzer  covers  the  energy  range  from  1  to  20  keV 

-4  2 

with  a  geometric  factor  of  4  X  10  cm  sr  and  a  AE/E  of  12  percent.  The  large 

geometric  factors  insure  that  the  flux  level  for  the  electrons  in  the  diffuse  aurora 

24 

is  well  above  he  detector's  sensitivity  (Tanskanen  et  al  ). 

A  synoptic  view  of  the  energetic  electron  measurements  over  the  northern  high 
latitudes  for  orbit  9380  is  shown  in  Figure  19  and  the  point  of  closest  approach  to 
the  latitude  of  the  Fleetsat  intersection  at  020021  UT  is  identified  as  CA.  We  shall 
only  discuss  the  evening  part  of  the  orbit  which  pertains  to  the  coordinated 

23.  Hardy,  D.  A. ,  Gussenhoven,  M.S.  ,  and  Huber,  A.  (1979)  The  Precipitation 

Electron  Detectors  (SSJ/3)  for  the  Block  5D /Flights  2-5  DMSP  Satellites: 
Calibration  and  Data  Presentation,  AFGL-frR-79-62lO,  ADA6B3136. 

24.  Tanskanen,  P.  J.  ,  Hardy,  D.A.,  and  Burke,  W.  J.  ( 1981)  Spectral  character¬ 

istics  of  precipitating  electrons  associated  with  visible  aurora  inthe  premidnight 
oval  during  periods  of  substorm  activity,  J.  Geophys.  Res.  86:1379-1395. 


•  ^r-'  •  ,j  A-  , 

jWf; 

6000.0  6120-0  6240.0  6360.0  6460.0  6600.0  trob.O  6640.0  6660. 0  7069.0  7200  0  7320.0 

•4  .  ...  °m  H/Kx 

l .  J*  A  ...  !  v 

"o.  •• 

*  1  •  ••  \?  •  ^ 

1  OOo'o.O  1  6120-0  *  8240-0  *  636*0.0  *  6460.0  1  eeOID.O  1  6720.0  '  664&7o  1  oitiTo  1  Tojo.o  1  T2oSd  0  '  TJoLo  * 

T  ...  CMT  i.  :  . 


■»■  .3  ... 


015000  015400  015600  020200 


Figure  19.  Energetic  Electron  Measurements  Over  the  Northern  Polar  Cap  for 
Orbit  9380  on  29  Mar  1979  (0130-  0202  UT).  Point  of  closest  approach  to  the 
Fleetsat  intersection  latitude  is  marked  as  CA  at  020021  UT 


scintillation  measurements.  An  enlarged  view  of  the  evening  auroral  oval  precipita¬ 
tion  region  is  shown  in  Figure  20.  In  both  Figures  19  and  20  the  particle  data  are 

2  -l 

plotted  as  JTOT,  the  directional  integral  flux  (cm  sec  sr)  in  the  bottom  panel; 

2  - 1 

JETOT,  the  directional  energy  flux  [keV(cm  sec  sr)  ]  on  the  middle  panel;  and 

EAVE,  the  average  energy  in  keV  in  the  top  panel.  The  scale  for  EAVE  is  linear. 

These  quantities  are  plotted  as  functions  of  universal  time  UT,  the  geographic 

coordinates  of  the  satellite  GLAT  and  GLON,  the  corrected  geomagnetic  coordinates 

of  the  satellite  mapped  along  the  magnetic  field  line  to  110  km  MLAT  and  MLON, 

and  the  magnetic  local  time  MLT.  The  poleward  and  equatorward  boundaries  of  the 

oval  were  defined  on  the  basis  of  JTOT  exceeding  the  level  of  the  polar  rain  or 

25 

background  respectively  (Gussenhoven  et  al  ).  On  this  basis  the  equatorward 

25.  Gussenhoven,  M.  S. ,  Hardy,  D.A.,  and  Burke,  W.  J.  (1981)  DMSP/F2  electron 
observations  of  equatorward  auroral  boundaries  and  their  relationship  to 
magnetospheric  electric  fields,  J.  Geophys.  Res.  ^86:768. 
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Figure  20.  Enlarged  View  of  the  Evening  Auroral  Oval  Precipitation  Region  for 
Orbit  9380  on  29  Mar  1979  (0157  -  0202  UT) 


boundary  of  the  aurora  in  the  evening  sector  is  at  59°A  (at  the  110  km  level)  which 
for  Kp  =  6  matches  well  with  the  empirical  relationship  =  71.  2  -  2.  1  Kp 

developed  by  Gussenhoven  et  al^  for  the  northern  hemisphere  evening  boundary. 

From  Figure  20,  we  see  that  the  Fleetsat  intersection  is  within  the  evening 
precipitation  region.  Moreover,  from  the  nature  of  the  average  energy  of  the  pre¬ 
cipitating  fluxes  (about  4  keV)  the  intersection  point  is  within  the  region  of  the 
diffuse  aurora.  In  the  absence  of  simultaneous  DMSP  photographs  it  is  difficult  to 
establish  the  exact  width  of  the  diffuse  aurora,  but  based  on  the  shape  of  the  electron 
spectra  and  their  average  energy,  it  is  likely  that  the  entire  latitude  range  spanned 
by  the  satellite  between  0159  and  0201  UT  can  be  considered  to  be  within  the  diffuse 
auroral  precipitation  region.  Within  that  interval,  at  least  two  relatively  narrow 
regions  of  significant  flux  enhancements  are  observed  in  conjunction  with  decrease 
of  the  average  energy  (020015  and  020040  UT).  The  number  flux  and  the  electron 
flux  show  significant  fluctuation  in  the  two  regions  reaching  values  as  high  as 
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8  X  1(T  electrons  (cm  sec  sr)  and  3  X  10  keV  (cm  sec  sr)  respectively.  The 
average  energy  of  this  particle  population  is  about  400  eV  for  the  first  region  and 
about  1  keV  for  the  second,  whereas  the  surrounding  regions  have  typical  energies 
on  the  order  of  3  keV. 

To  show  the  particle  spectra  in  the  vicinity  of  the  point  of  closest  approach, 
we  present  a  series  of  three  plots  each  showing  ten  differential  energy  spectra  for 
ten  successive  seconds  starting  at  015950,  020010,  and  020030  in  Figures  21a,  21b, 
and  21c  respectively.  The  first  one  (Figure  2la)  obtained  poleward  of  the  Fleetsat 
intersection,  when  taken  in  conjunction  with  the  relevant  portion  of  Figure  20,  shows 
smooth  variations  in  JTOT,  JETOT,  and  EAVE  and  a  quasi-thermal  spectrum.  The 
EAVE  reaches  a  maximum  value  of  5  keV  at  015952  UT.  A  drastic  change  in 
spectral  shape  occurs  in  Figure  21b  particularly  during  020010-020016  UT. 


DMSP/F2 
YEAR  -  1979 
JULIAN  DAY-  88 
STARTING  TIME-  1-59-50 
MAG  LATITUDE-  62.4 


ENERGY 


Figure  21a.  Ten  differential  Energy  Spectra  for  Ten 
Successive  Seconds  of  DMSP  Precipitating  Electron 
Data  Taken  From  Orbit  9380  on  29  Mar  1979  Poleward 
of  the  Fleetsat  Intersection  Between  015950-015959  UT 
Showing  Smooth  Variations  in  JTOT,  JETOT,  and 
EAVE  and  a  Quasi-thermal  Spectrum 


There  is  a  large  increase  in  flux  at  the  lower  energies  with  a  corresponding  decrease 
in  flux  at  the  higher  energies  leading  to  a  severe  reduction  in  the  average  energy 
as  mentioned  earlier.  Further,  low-energy  peaks  in  the  range  100-600  eV  are 

found  to  be  superimposed  on  the  basically  quasi-thermal  background  distribution. 
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Such  spectra  were  also  shown  by  Tanskanen  et  al  to  exist  in  a  similar  region  of 
the  nighttime  auroral  oval.  The  spectra  observed  between  020020  and  020029  UT 
are  very  similar  to  those  observed  between  020017  and  020019  L'T  and  are  therefore 
not  shown.  In  Figure  21c,  near  the  second  region  identified  with  low  average  energy- 
in  Figure  20,  we  find  that  the  irregular  peaks  at  the  low  energy  end  have  mostly 
disappeared  and  have  been  replaced  by  fluxes  which  increase  monotonicallv  with 
decreasing  energy  of  measurement,  down  to  the  lowest  energy,  namely  47  eV.  Some 
of  the  spectra  show  that  the  low  energy  component  can  exceed  lo"  (cm^  sec  sr  eV)  * 
at  energies  <100  eV  and  most  of  the  spectra  can  be  described  by  power  law  shapes 
up  to  energies  of  about  10  keV. 


DMSP /  F2 
TEAR  •  1979 
JULIAN  OAT*  88 
STARTING  TIME-  2-0-30 
MAO  LATITUDE-  60.3 
MAO  LONGITUDE-  2-8 
MAO  LOCAL  TIME-  21-23-A 
R*v  9380 


5  '  V 

2  ru¬ 
in  •  _ 

•  t. 
t  E  - 

o  O  . 

\  o 
Ui  - 


ENERGY 


Figure  21c.  Same  as  in  Figure  21a  but  Showing 
Monotonic  Increasing  Fluxes  With  Decreasing 
Energy  Down  to  47  eV  Between  020030  -  020039  UT 


To  study  the  latitudinal  variation  of  this  low-energy  component,  we  show  in 
Figure  22  plots  of  differential  fluxes  of  the  three  lowest  energy  channels  as  a  func¬ 
tion  of  the  position  of  the  satellite.  The  behavior  of  a  higher  energy  channel, 
namely  the  5*  5  keV  flux,  is  also  shown  to  give  some  idea  of  the  relative  change  in 
particle  spectrum  near  the  equatorward  edge  of  the  diffuse  aurora.  We  find  two 
distinct  regions  centered  near  020010  and  020040  UT  of  width  approximately  one-half 
degree  of  latitude  where  there  are  intense  fluxes  [10  electrons/(cm  sec  sr  eV)]  of 
precipitated  low-energy  electrons.  In  these  regions,  particularly  in  the  first  one, 
there  is  a  corresponding  decrease  of  the  high  energy  flux  indicating  perhaps  that  the 
low  energy  fluxes  are  enhanced  at  the  expense  of  the  high  energy  ones.  The  lati¬ 
tudinal  widths  of  the  low  energy  precipitation  regions  are  reminiscent  of  the  F-region 

'blobs'  observed  at  Chatanika  which  were  found  to  be  associated  with  scintillation 
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enhancements  using  the  Triad  satellite. 


26.  Vickrey,  J.  F. ,  Rino,  C.  L. ,  and  Potemra,  T.A.  (1980)  Chatanika  Triad 

observations  of  unstable  ionization  enhancements  in  the  auroral  F-region, 
Geophvs.  Res.  Lett.  7:789. 
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Figure  22.  Differential  Flux 
Measurements  of  the  47,  73, 
112  keV  and  5.5  keV  Energy 
Channels  From  Orbit  9380 
Showing  the  Change  in  Particle 
Spectrum  With  Latitude 


Total  electron  content  (TEC)  measured  from  Goose  Bay  using  the  polarimeter 
technique  and  transmissions  from  ATS-5  at  137  MHz  are  shown  in  Figure  23.  The 
TEC  exhibits  significant  enhancement  at  0152  UT  which  is  about  8  min  prior  to  the 
passage  of  the  DMSP  satellite  through  the  same  latitude  region.  These  measure¬ 
ments  refer  to  a  sub -ionospheric  position  of  48.  34°N  and  61.  91°W.  It  is  important 
to  note  that  the  TEC  enhancement  is  observed  at  the  time  of  onset  of  a  negative  bay 
in  the  Goose  Bay  magnetogram  as  shown  in  Figure  18b.  The  TEC  enhancement 
reaches  its  peak  value  at  0158  UT  which  is  very  close  to  the  time  of  the  DMSP  pass. 


MARCH  29,  1979 


Figure  23.  Total  Electron  Content  (TEC)  Measurements  From  the  ATS-5  Satellite 
Measured  at  Goose  Bay,  Labrador  on  29  Mar  1979  Showing  Onset  of  TEO'Tncrease 
at  Approximately  0150  UT 


The  time  record  of  phase  and  amplitude  fluctuations  of  Fleetsat  signal  at 

244  MHz  after  detrending  with  a  filter  cutoff  of  0.  0067  Hz  for  the  same  period  shown 

in  Figure  24  exhibits  a  large  increase  in  both  quantities  at  almost  exactly  the  time 

of  the  TEC  increase  registered  by  ATS-5.  A  similar  situation  was  discussed  by 
21 

Aarons  for  the  31  October  197  2  storm.  Since  the  ionospheric  intersection  points 
of  ATS-5  and  Fleetsat  are  separated  by  6°  of  longitude,  it  is  obvious  that  low-energy 
electrons  were  precipitating  in  the  vicinity  of  60°  A  over  a  relatively  wide  swath  of 
longitudes.  The  almost  simultaneous  response  of  the  magnetogram  (which  is  a  sig¬ 
nature  of  ionospheric  currents  and  their  motion)  and  phase  and  amplitude  scintilla¬ 
tions  (which  respond  to  ionospheric  irregularities)  to  the  particle  influx  raises 
important  questions  regarding  irregularity  generation  mechanisms  and  growth 
times  for  large  amplitude  irregularities.  On  the  other  hand,  modeling  studies  have 
shown  that  the  background  F- region  requires  tens  of  minutes  to  reach  diffusive 
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Figure  24.  Time  Record  of  Phase  and  Amplitude  Fluctuations  of  Fleetsat  From 
Goose  Bay  on  29  Mar  1979  Detrended  With  a  Filter  Cutoff  of  0.  0067  Hz 

27  28 

equilibrium  in  response  to  this  energy  input  (Roble  and  Rees,  Watkins  and  Richards  ). 
These  authors  show  that  during  this  time  the  shape  of  the  F-region  undergoes  marked 
changes  which  could  very  well  be  responsible  for  the  immediate  effect  seen  on  the 
polarimeter  in  Figure  23.  Further,  since  the  F-peak  decays  slowly  the  density 
remains  a  factor  of  2  larger  than  the  pre-auroral  density  1  h  after  the  auroral 


rj  27.  Roble,  R,  G. ,  and  Rees,  M.  H.  (1977)  Time-dependent  studies  of  the  aurora: 

„  effects  of  particle  precipitation  on  the  dynamic  morphology  of  ionospheric 

I  and  atmospheric  properties.  Planet.  Space.  Sci.  ^25:991. 

128.  Watkins,  B.  J. ,  and  Richards,  P.G.  (1979)  A  theoretical  investigation  of  the 

role  of  neutral  winds  and  particle  precipitation  in  the  formation  of  the  auroral 
F-region  ionosphere,  J.  Atmos.  Terr.  Phys.  JU:179. 
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event  occurs.  Thus  a  net  electron  density  increase  at  F- region  heights  exists  in 
the  nighttime  ionosphere  as  a  result  of  the  auroral  event.  This  is  an  important 
result  which  has  a  significant  bearing  on  the  subsequent  behavior  of  scintillations. 

The  time  history  of  amplitude  and  phase  scintillation  indices  S4  and  during 
a  3-h  period  commencing  at  0100  UT  on  29  Mar  1979  is  shown  in  Figure  25.  Cor¬ 
responding  phase  spectral  strengh  parameter  T^  and  slope  are  shown  in  the  lower 
two  panels.  The  rather  dramatic  increase  of  <7^  at  0150  UT  from  2  to  14  rad  is 
accompanied  by  a  3-fold  increase  in  amplitude  scintillation  index  from  0.  2  to  0.  6. 

If  we  assume  that  the  above  range  of  S4  index  is  within  the  weak  scatter  limit,  then 
we  can  study  the  variation  of  the  o^/S4  ratio  prior  to  0150  UT  and  thereafter.  While 
the  average  value  of  this  ratio  is  14  before  the  onset  of  severe  phase  scintillations, 
the  average  value  of  the  ratio  doubles  to  28  between  0152  UT  and  0325  UT.  This 
ratio  could  reflect  a  change  in  anisotropy  (Rino,  Fremouw  )  or  an  increase  in 
the  effective  ionospheric  E-W  drift  velocity  in  response  to  the  substorm.  It  has 
been  discussed  in  Section  4  that  increased  drifts  can  result  in  large  phase  scintilla¬ 
tions  with  a  fixed  detrend  if  the  source  is  a  geostationary  satellite.  Because  of  the 
low  elevation  of  the  observations,  it  is  difficult  to  visualize  a  plausible  change  in 
the  anisotropy  which  could  account  for  the  doubling  of  the  ff^/S4  ratio.  Thus  the 
second  alternative  becomes  more  plausible  particularly  because  Chatanika  drift 

measurements  during  substorms  have  shown  large  increases  in  the  ion  drifts  at  the 
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same  invariant  latitudes  as  these  measurements. 

The  spectral  intensity  T^  in  general  follows  the  behavior  of  a ^  except  near 
0225  UT  when  increases  to  a  peak  of  17  rad  without  the  increase  being  reflected 
in  T^.  the  spectral  intensity  at  1  Hz.  This  is  possible  when  there  is  only  a  low 
frequency  enhancement  in  the  spectrum  if  p^  does  not  vary  considerably.  The  p^ 
values  generally  vary  between  2.  5  and  3  and  are  in  general  larger  than  the  average 
Wideband  p^  values  as  discussed  in  the  case  study  presented  in  Section  5.  Two 
typical  samples  of  phase  spectra  are  shown  in  Figures  26a  and  26b.  The  phase 
spectra  are  described  by  uniform  power  law  types  with  spectral  indices  varying 
between  2,  5  and  3  as  mentioned  earlier. 


29.  Fremouw,  E.  J.  (1980)  Geometrical  control  of  the  ratio  of  intensity  and  phase 

scintillation  indices,  J.  Atmos.  Terr,  Phys.  ,42:775. 

30.  Foster,  J.C.,  Doupnik,  J.  R. ,  and  Stiles,  G.  S.  <  1981)  Ionospheric  convection 

and  currents  in  the  midnight  sector  on  November  8,  1979,  J.  Geophys.  Res. 
86:2143.  -  - 
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Figure  26a.  Sample  Power 
Spectrum  of  Phase  Scintillation 
on  29  Mar  1979, 

015850-020538  UT  at  a  Time 
When  O0  =  14.  3  rad.  The 
sampling  frequency  fs  =  5  Hz 
and  the  detrend  frequency 

f  =  0.  0067  Hz 
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Figure  26b.  Sample  Power 
Spectrum  of  Phase  Scintillation 
on  29  Mar  1979, 

020538-021218  UT  at  a  Time  When 
Op  =  12.  08  Rad.  The  sampling 
frequency  fs  =  5  Hz  and  the 
detrend  frequency  f  =  0.  0067  Hz 


The  corresponding  amplitude  spectra  are  shown  in  Figures  27a  and  27b.  To 
study  the  variation  of  the  Fresnel  frequency  with  increasing  drift  speed,  we  have 
superimposed  on  Figure  27a  the  amplitude  spectrum  obtained  between  0132-0138  UT 
on  29  Mar,  prior  to  the  onset  of  the  large  phase  fluctuations.  The  two  spectra  look 
very  similar  with  the  one  corresponding  to  the  larger  S4  index  being  raised  almost 
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a  decacie  in  spectral  intensity  above  the  one  for  the  weaker  scintillations.  Both 
have  their  Fresnel  frequencies  between  0.  2  and  0.  3  Hz.  Thus  it  is  not 
possible  to  use  the  Fresnel  frequency  criterion  to  distinguish  spectral  differences 
between  spectra  whose  c^/S^  ratio  differ  by  a  factor  of  2.  However,  in  Figure  2 
we  have  superimposed  the  intensity  spectra  obtained  between  0454  1  9  and  050059  UT 
on  31  Mar  1979,  during  the  event  that  was  discussed  in  Section  5.  The  average 
cr^/S 4  ratio  of  the  Fleetsat  data  listed  in  Table  1  for  31  Mar  is  approximately  4 
even  though  the  level  of  both  spectra  are  the  same.  We  have  already  mentioned 
that  the  / S4  ratio  of  the  29  Mar  data  shown  in  Figure  27b  is  28.  Thus  there  is  a 

factor  of  7  difference  in  the  cr^/S^  ratios  of  the  two  spectra  shown  in  Figure  27b. 

We  do  indeed  find  a  great  difference  in  the  spectral  character  of  the  two  samples. 

The  31  Mar  sample  has  a  Fresnel  frequency  of  0.  04  Hz  whereas  the  29  Mar  data 
shows  a  roll-off  between  0.  2  to  0.  3  Hz.  Since  the  Fresnel  frequency  is  directly 
proportional  to  the  effective  drift  velocity,  we  have  further  evidence  that  increased 
drift  velocities  contributed  to  the  increase  in  the  o^/S^  ratio  during  the  magnetic 
disturbances  observed  on  29  Mar  1979. 

It  should  be  pointed  out  here  that  the  slopes  of  the  intensity  spectra  are  rather 
shallow  in  comparison  to  the  phase  spectra.  Further  studies  will  be  made  by  using 
a  higher  sampling  frequency  so  that  we  can  explore  the  high  frequency  roll-off 
portions  of  the  spectra  better.  Such  a  study  is  particularly  important  for  the  high- 
velocity  samples  where  the  Fresnel  frequencies  are  found  to  be  greater  than  0.  1  Hz. 

7.  CONCLUSIONS 

Phase  and  amplitude  scintillations  at  244  MHz  using  a  geostationary  satellite 
as  a  source  have  been  presented  for  a  10-month  period  in  1979.  The  observing 
station  was  Goose  Bay,  Labrador,  which  puts  the  ionospheric  intersection  at  60°A, 
which  is  within  the  mid-latitude  trough  for  quiet  magnetic  conditions.  As  opposed 
to  the  sun-synchronous  Wideband  satellite  study  presented  in  Report  1,  the  geo¬ 
stationary  source  made  complete  diurnal  coverage  possible.  However,  in  keeping 
with  earlier  intensity  scintillation  studies  in  this  region,  it  was  found  that  medial, 
nighttime  phase  perturbations  during  magnetically  quiet  periods  were  generally 
below  2  rad  with  a  maximum  activity  of  5  rad  during  the  premidnight  period  in  the 
spring.  Thus  no  major  propagation  problems  are  expected  in  UHF  systems 
operating  through  such  an  environment. 

Magnetic  storms,  on  the  other  hand,  are  sometimes  accompanied  by  relatively 
larger  increases  of  phase  scintillation  than  amplitude  scintillations.  This  was  inter¬ 
preted  as  most  probably  resulting  from  an  increase  in  the  effective  drift  velocity 
during  magnetic  storms.  It  is  well  known  that  the  N-S  component  of  the  auroral 
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Figure  27a.  Sample  Power 
Spectra  of  Amplitude  Scintilla¬ 
tion  on  29  Mar  2979  Between 
015850  and  020538  UT  With 
S4  =  0.  60  and  Between 
013218  and  013858  UT  With 
S4  =  0.  18  Showing  Similar 
Values  of  the  Fresnel  Frequency 
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Figure  27b.  Same  as  in 
Figure  27a  but  for  29  Mar  1979 
Between  020538  and  021218  UT 
With  S4  =  0.46  and  31  Mar  1979 
Between  045419  and  050059  UT 
With  S4  =  0.  51  Showing  Very 
Different  Values  of  the  Fresnel 
Frequency 


electric  field  is  greatly  enhanced  during  storms  giving  rise  to  large  plasma  drifts 
in  the  E-W  direction.  Thus,  as  a  result  of  the  larger  irregularity  amplitude  caused 
by  the  equatorward  motion  of  the  auroral  oval  and  the  attendant  increased  drift 
velocity  during  such  times,  it  is  possible  for  UHF  systems  to  suffer  phase  perturba¬ 
tions  in  excess  of  10  rad  (with  f  =  0.  0067  Hz)  without  the  S^  index  being  driven 
into  saturation. 


A  feature  of  considerable  scintific  interest  that  became  evident  as  a  result  of 

this  study  is  that  the  observed  phase  spectral  index  p^  of  the  Fleetsat  data  base  is 

consistently  larger  than  the  p^  of  the  Wideband  data  discussed  in  Report  1.  This 

was  found  to  be  true  statistically  as  well  as  for  the  case  study  in  which  the  Fleetsat 

and  Wideband  satellite  transmissions  were  received  through  a  co-located  volume. 

The  Fleetsat  spectral  slopes  p^  are  generally  computed  at  scale  lengths  somewhat 

shorter  than  the  corresponding  ones  for  Wideband.  It  needs  to  be  established 

whether  a  larger  p^  value  in  the  Fleetsat  case  is  indicative  of  a  steeper 

irregularity  spectral  index  at  smaller  scale  lengths.  In  this  connection,  it  may  be 

mentioned  that  in  the  equatorial  region,  the  one-dimensional  spectral  index  of  the 

in-situ  data  is  shallow  (about  1.  5)  for  scale  lengths  larger  than  a  kilometer  and 
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steep  (approximately  3)  for  smaller  scale  lengths  (Rino  et  al,  Basu  et  al  ). 

High  resolution  in-situ  data  from  AE-D  is  currently  being  studied  to  investigate 
the  existence  of  such  dual  slopes  in  auroral  irregularities.  It  is  also  interesting 
io  note  that  2-dimensional  simulation  of  somewhat  larger  scales  of  auroral  irregu¬ 
larities  (approximately  2.  5  km)  has  shown  that  the  spectral  index  in  the  N-S  direc- 
tion  is  shallower  than  the  index  found  in  the  E-W  direction.  If  the  simulation  re¬ 
sults  imply  a  separable  form  for  irregularity  power  spectral  density  functions  in 
the  N-S  and  E-W  directions,  an  alternative  explanation  for  the  difference  in  spectral 
indices  can  be  put  forward.  This  is  because  the  temporal  structure  of  Wideband 
scintillation  arises  from  the  satellite  motion  primarily  in  a  N-S  direction  whereas 
the  structure  of  Fleetsat  scintillations  is  caused  by  ionospheric  E-W  motion.  Thus 
a  further  study  of  the  simulation  results  regarding  the  cause  of  such  spectral  differ¬ 
ences  seems  to  be  warranted. 

Finally,  .  case  study  of  magnetic  storm  induced  particle  precipitation  and 
scintillations  was  presented.  We  were  able  to  show  that  the  scintillations  in  the 
diffuse  auroral  region  at  the  equatorward  edge  of  the  auroral  oval  were  well  corre¬ 
lated  with  intense  fluxes  of  low-energy  electrons  of  latitudinal  widths  of  approxi¬ 
mately  one-half  to  1°  and  longitudinal  width  exceeding  10°.  The  increase  in 
measured  TEC  and  the  intensification  of  phase  and  amplitude  scintillations 
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were  simultaneous.  It  is  interesting  to  note  that  Buchau  et  al  found  that  during 
low  sunspot  years  even  active  auroral  conditions  failed  to  produce  enhanced  scin¬ 
tillations  at  250  MHz  when  the  ray  path  passed  near  discrete  forms  embedded  in 
diffuse  aurora  near  the  equatorward  edge  of  the  oval.  Thus  further  studies  are 
needed  to  establish  whether  the  intense  low  energy  precipitation  and  enhanced  scin¬ 
tillations  in  this  region  discussed  in  this  report  are  related  to  the  current  solar 
maximum. 

35 

The  data  from  the  DMSP  thermal  plasma  monitor  is  currently  being  examined 
to  study  the  ion  density  and  temperature  behavior  in  the  precipitation  region  near 
the  Fleetsat  intersection  point.  The  preliminary  ion  density  analysis  presented  in 
Figure  28  shows  that  the  low-energy  precipitation  near  0200  UT  is  accompanied  by 
density  enhancements  and  sharp  gradients  at  840  km.  Densities  at  this  altitude  are 
found  to  be  in  excess  of  10  /cm  which  seems  also  related  to  the  high  sunspot  con- 

og  37 

ditions  (Rich,  Rino  and  Vickrey,  see  their  Figure  10).  This  provides  a  clear 
link  between  latitudinally  narrow  bands  of  precipitation  and  topside  F-region  den- 

26 

sity  enhancement  which  has  been  postulated  in  many  recent  studies  (Vickrey  et  al, 

37  38 

Rino  and  Vickrey,  '  and  Tsunoda  and  Vickrey  ). 


0MSP/F2  ORBIT  9380 
MARCH  29,  1979 


Figure  28.  Ion  Density  Measurements  From  the 
DMSP/F2  Thermal  Plasma  Monitor  for  Orbit  9380 
on  29  Mar  197  9  at  a  Time  Coordinated  With  the 
Particle  Precipitation  Data  of  Figure  20 


(Due  to  the  large  number  of  references  cited  above,  they  will  not  be  listed  here. 
See  References,  page  57. ) 


The  rapid  intensification  of  phase  and  amplitude  scintillations  in  response  to 
the  particle  precipitation  and  associated  topside  thermal  density  gradients  raises 
important  questions  regarding  the  growth  rate  of  the  irregularities.  It  seems  that 
a  time  scale  of  only  a  few  minutes  for  the  growth  time  is  consistent  with  the  observa¬ 
tions.  Such  short  linear  growth  times  have  recently  been  estimated  for  the  gradient 

39  38 

drift  instability  in  the  auroral  oval  by  Tsunoda  and  Vickrey.  These  authors 

have  also  discussed  the  various  complications  that  arise  in  the  auroral  oval  when 

40 

a  conducting  E-layer  is  present.  The  present  situation  is  similar  as  it  is  very 

likely  that  the  low-energy  precipitation  zone  which  is  embedded  in  the  region  of  the 

diffuse  aurora  is  associated  with  an  eastward  electrojet  and  possibly  also  downward 
41 

field-aligned  currents.  It  should  be  pointed  out  that  the  Goose  Bay  magnetogram 

(Figure  18b),  taken  at  a  location  which  is  5°  north  of  the  Fleetsat  intersection  point 

showed  a  400y  negative  bay,  thereby  implying  a  westward  electrojet.  The  mag- 

42 

netometer  studies  of  Harang  clearly  established  that  during  the  evening  hours, 

eastward  and  westward  currents  could  exist  within  the  same  longitude  sector,  the 

westward  current  being  located  furthest  north.  Further,  the  particle  precipitation 

characteristics  shown  by  DMSP  in  Figure  20  is  consistent  with  our  hypothesis  that 

the  westward  electrojet  was  flowing  at  ~65°A  whereas  an  eastward  electrojet  was 

probably  flowing  somewhere  in  the  vicinity  of  60°A.  Thus  the  effect  of  conductivity 

43 

and  field-aligned  currents  must  also  be  considered  in  the  general  expression  of 

27 

the  growth  rate.  Further,  the  long  life  time  of  the  F-region  density  enhancements 
and  subsequent  convection  add  to  the  problems  of  identifying  locally  generated  ir¬ 
regularities  from  drifted  structures.  The  current  intense  scintillation  event  under 

study,  however,  seems  to  be  due  to  locally  generated  irregularities  and  a  detailed 

44 

theoretical  study  is  underway  to  identify  specific  plasma  instability  mechanisms 
which  are  consistent  with  the  correlated  data  sets. 

The  encouraging  results  obtained  from  this  case  study  merit  further  investiga¬ 
tions  on  a  statistical  basis.  A  study  has  been  initiated  to  determine  from  the  DMSP 
data  the  frequency  with  which  such  low-energy  electron  precipitation  is  observed 

near  the  equatorward  edge  of  the  diffuse  aurora  and  the  geophysical  conditions 

45 

associated  with  these  events.  We  hope  to  utilize  our  near- continuous  Goose  Bay 
scintillation  and  TEC  measurements  to  determine  the  effect  of  such  precipitation 
events  in  the  North  Atlantic  sector  on  transionospheric  propagation. 


(Due  to  the  large  number  of  references  cited  above,  they  will  not  be  listed  here. 
See  References,  page  57. ) 
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